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Tuesday, February 18, 2014 525aMacrophages are a type of white blood cells that play key roles in host defense
by recognizing and engulfing foreign and apoptotic bodies. To accomplish this
task, they rely on complex molecular interactions involving both lipids and pro-
teins. Previous studies have shown that surface exposure of phosphatidylserine
by apoptotic cells is required for their successful clearance, suggesting specific
lipid-protein interactions at least for the initiation of phagocytosis of apoptotic
cells. However, macrophages can engulf foreign and apoptotic bodies that sub-
stantially vary in size suggesting that non-specific interactions over a range of
length scales may be relevant. The purpose of our study is to investigate the cor-
relation between physical properties of lipid bilayers and their engulfment by
macrophages. We modify bilayer properties systematically as a function of
phospholipid headgroup composition and by addition of ceramide and choles-
terol. We use a combination of scattering and spectroscopic methods to quan-
tify lipid interactions and flow cytometry to measure engulfment rates. This
study can help distinguish between the role of lipids and proteins in clearance
of apoptotic and foreign particles.
Mentor: Horia I. Petrache, Department of Physics, Indiana University Purdue
University Indianapolis Funding from NSF Undergraduate Research and
Mentoring in Biological Sciences Program is gratefully acknowledged.
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The phosphoinositide PIP2 has long been implicated in secretion; however
despite the demonstration of high affinity binding between synaptotagmin
and PIP3, the role of the latter in secretion has received little attention. We
have investigated this question using two complementary approaches; expres-
sion of PIP2 or PIP3 targeting Pleckstrin Homology (PH) domains, and up or
down regulation of the PIP3 dephosphorylating enzyme PTEN (Phosphatase
and TENsin homolog). The PH-domain of GRP1 (General receptor for phos-
phoinositides), which we show to have high specificity for PIP3, is equally as
effective at inhibiting secretion as the PH domain of phospholipase C delta 1,
which is generally accepted as binding to PIP2. Using super-resolution
Stochastic Optical Reconstruction Microscopy we have shown that PIP2
and PIP3 clusters do not colocalize, and find that PIP3 clusters, but not
PIP2 clusters, are reduced in number by over expression of PTEN (Phospha-
tase and TENsin homolog). Analysis of single vesicle rates of secretion with
TIRF (Total Internal Reflection Fluorescence) microscopy shows a correlation
between secretion rates and cellular PTEN content. These results implicate
PIP3 in the secretory machinery, and may illuminate some of the neurological
impacts of PTEN mutations, such as epilepsy and Autism Spectrum
Disorders.
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Electrochemical microelectrodes located immediately adjacent to the cell sur-
face can detect spikes of amperometric current during quantal exocytosis as the
transmitter released from a single vesicle is oxidized on the electrode surface.
Automated techniques are needed to detect spikes that vary considerably in
amplitude and time course. We compared three algorithms for spike detection
against the gold standard of manual detection. The most widely used method
for spike detection is testing when the current slope (first derivative) exceeds
a threshold (DT method). The DT method is sensitive to the selection of
both the low-pass filter settings and the threshold. A second method is to
scan the data set with one or more prototype spike templates while performing
a least-squares fit to find the amplitude and standard error of the fit at each time
point. A spike is identified when the ratio of the fit amplitude to the standard
error exceeds a threshold (CB method). This method is not as sensitive to filter
settings or threshold but is sensitive to the choice of template(s). Finally, we
tested a new approach (DLS method) that is similar to the CB method but per-
forms a least-square fit of the sum of two templates consisting of faster and
slower exponential decays. Receiver Operator Characteristic plots demonstrate
that the DT method fails to detect slower spikes without generating significant
false positives. The CB method also fails to detect some spikes manually iden-
tified when using up to three templates. On the other hand, the DLS method
detected a much wider range of spike types with the use of only two spike
templates. We conclude that the DLS method enables detection of a large va-
riety of spikes without excessive computational cost. Supported by NIH
R43MH96650.2660-Pos Board B352
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We have developed a novel fluorescence-based turn-on molecular sensor
(NeuroSensor 521) that selectively binds to primary amines via iminium ion
formation. The fluorescence increases > 5-fold upon binding norepinephrine
and is accompanied by a red shift in the absorption maximum from 448 to
488 nm. Norepinephrine and dopamine bind with a ~10-fold higher affinity
(~10 mM) than other alkyl amines such as glycine, but secondary amines such
as epinephrine do not have a measurable binding affinity. We used confocal
microscopy to image chromaffin cells labeled with NS521. Chromaffin
cells were separated into norepinephrine-enriched and epinephrine-enriched
fractions by centrifugation on a Percoll gradient. The norepinephrine-enriched
cell population shows strong, punctate fluorescence compared to the
epinephrine-enriched cell population, which exhibits only marginal fluores-
cence. To further validate the selective labeling of norepinephrine-containing
vesicles, we labeled fixed cells using an antibody against phenylethanolamine
N-methyltransferase (PNMT). The NE-enriched cell population stains
brightly with NS521 and weakly with the fluorescent PNMT secondary
antibody while the opposite is true for the EP-enriched cell population. Next,
we used Total Internal Reflection Fluorescence Microscopy (TIRFM) to image
the bottom surface of chromaffin cells loaded with NS521. Clear punctate
fluorescence consistent with labeling of individual norepinephrine-containing
granules was observed. We conclude that NeuroSensor 521 represents a con-
venient method to selectively stain norepinephrine and dopamine in neuro-
secretory vesicles. Supported by the NSF (CHE-1112194) and the NIH (R43
MH096650).
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Platelets play a major role in clot formation during hemostasis; however, one of
their primary roles, activation, is still poorly understood. When circulating
platelets encounter a breach in a vessel wall or certain signaling molecules,
such as thrombin or calcium, they begin to activate. Activation is a multivariate
processes including the release of granular contents and a rearrangement of the
cytoskeleton. To obtain a better fundamental understanding of platelet activa-
tion, the interplay between these two processes should be investigated.
Live platelets are difficult to image due to their small size and tendency to acti-
vate when disrupted (i.e. by attempting to permeabilize the membrane to allow
fluorescent molecule access). Fluorescence imaging is further complicated by
the fact that platelets do not contain a
nucleus, preventing transfection with
plasmids that encode fluorescently tagged
proteins. This work overcomes these
challenges by using darkfield microscopy
to image platelets during activation.
Darkfield microscopy results in bright,
defined images of platelets without exog-
enous labels. In addition, platelet gran-
ules can be tracked using darkfield.
Finally, platelet membrane components
can be fluorescently labeled and com-
bined with the darkfield imaging for
co-localization studies.2662-Pos Board B354
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The molecular mechanisms behind the tethering of secretory vesicles to the
plasma membrane are not well understood. To study these mechanisms, we
use a combined AFM/TIRF method applying forces to GFP-tagged secretory
granules tethered to PC-12 cell membrane sheets. In the experiment shown
in the figure, the AFM tip captured a granule, and was then lowered onto the
sheet (a-b). Pulling forces were applied, ranging from ~100pN to ~700pN
(c-e). Extension and rupture events are apparent as transient variations in the
526a Tuesday, February 18, 2014pulling force, as well as increases in the scanner z position sensor. Change in
sensor position is consistent with changes in vesicle height as observed in
the TIRF, based on the calibrated excitation decay constant (c-d). Rapid
transients with small amplitude reveal partial tether extensions by 10-20nm,
while large transients with slow decay reveal more gradual extensions,
exceeding 1mm, that appear to be com-
posed of multiple steps. These observa-
tions suggest that the dynamics of
vesicle tether extensions are much more
complex than previously thought. A large
data set of recordings like that in the
figure is being analyzed. Supported by
NIH grant R21NS072577.2663-Pos Board B355
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The goal of this project is to introduce a novel bottom-up approach to probe the
functionality of the dense core nanoparticles by creating artificial dense core
nanoparticles from the native proteins.
Communication of neurons is happening through the exocytosis process, which
is based on vesicular release of neurotransmitters like dopamine. A portion of
these vesicles are large dense core vesicles and have the critical function of
storing and excreting neurotransmitters or neuropeptides. The so-called dense
core is composed of charged polypeptides from the chromogranin family of
proteins. This protein matrix accumulates and stores neurotransmitters in
high concentrations but the mechanisms of accumulation and release are un-
known and highly debated.
So far in this work we have developed a model system for the first time
as artificial dense core nanoparticles. The synthesized dense core protein
nanoparticles are made of chromogranin A, which is the main protein,
located in large dense core vesicles. This protein is proposed to involve in
the storage of neurotransmitters, Ca2þ, and ATP within secretory vesicle.
To explore the interactions between dense core proteins and neurotransmitters
like dopamine, we are using isothermal titration calorimetry (ITC). By this
study we could determine the binding affinity and stoichiometry of neuro-
transmitter storage under various physiological conditions, such as the pH
gradient between the interior and exterior of the secretory vesicle, and the
presence of other small physiological relevant molecules such as calcium
and ATP.
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Astrocytes, the most abundant type of glial cells, play a number of important
functions in information processing in the brain. They ensheath synapses and
modulate synaptic transmission by many mechanisms which include the
exocytotic release of gliotransmitters into the extracellular space. However,
the anatomy and nature of exocytotic vesicle interaction with the plasma mem-
brane is unclear. Using stimulated emission depletion (STED) and structured
illumination (SIM) super-resolution microscopies, we studied the morphology
of distinct gliotransmitter vesicles, whereas the interaction between a single
vesicle with the plasma membrane was monitored by the high-resolution
cell-attached patch-clamp measurements of membrane capacitance (Cm), a
parameter linearly related to the surface area of the plasma membrane. Immu-
nolabelling of vesicles containing D-serine, glutamate, atrial natriuretic pep-
tide (ANP) and brain derived neurotrophic factor (BDNF) yielded their
diameter to be < 100 nm, whereas ATP was found in larger vesicles (~200
nm diameter). Direct electrophysiologic measurements have shown that the
predominant mode of vesicle interaction with the plasma membrane consisted
of reversible capacitance steps, reflecting transient exocytosis, whereas irre-
versible capacitance steps, reflecting full-fusion exocytosis, were less abun-
dant. The amplitude of discrete step increases in Cm reflects the size of
interacting vesicles. By assuming the specific capacitance of 10 fF/mm2 and
spherical morphology, the diameters of vesicles fusing with the plasma mem-
brane ranged from 40 - 800 nm, consistent with the STED and SIM measure-
ments. Reduction of extracellular Ca2þ attenuated the occurrence of unitary
exocytotic events and treatment of astrocytes with Botulinum neurotoxins,which specifically inhibit the SNARE complex formation, attenuated the
frequency of transient and full fusion events. These results show that in astro-
cytes the occurrence of unitary exocytotic events of small and large vesicles is
Ca2þ- and SNARE- dependent.
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Von Willebrand factor (VWF) and the VWF-propeptide (proregion) are stored
for secretion within specialized endothelial cell secretory organelles called
Weibel-Palade bodies (WPBs). Because phorbol esters are potent VWF secre-
tagogues and cause extensive WPB degranulation, it is generally assumed that
PMA-evoked VWF secretion arises solely from WPB exocytosis (the VWF
storage compartment). Here we present evidence that a significant fraction
of the early phase of phorbol myristate acetate (PMA)-evoked VWF secretion
from human endothelial cells arises from a cycloheximide (CHX)-sensitive
(ie, nascent, non-storage) compartment. Stimulation for 15 minutes with
either PMA (160nM) or histamine (100mM) caused similar amounts of
VWF secretion. However, prior inhibition of protein synthesis (10mM CHX
for 24 hours) reduced PMA-evoked secretion by ~70% while histamine-
evoked secretion was unaffected. Optical analysis of live cells expressing a
fluorescent protein targeted to WPBs showed that the first 15 minutes of
PMA stimulation was associated with fusion of 8.4 52.1% (mean5sem,
n=11 cells) of fluorescent WPBs, compared to 41.454.0 % (mean5sem,
n=12) for histamine. For both stimuli, the percentage of fluorescent WPB
fusion events was unaffected by CHX treatment. Our data suggest that in
addition to driving WPB exocytosis, PMA also causes acute release of non-
stored VWF and proregion, most likely from the trans-Golgi network. The
route and mechanisms regulating PMA-evoked release of non-stored VWF
are under investigation.
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The secretion of insulin from pancreatic islet beta cells is pulsatile (~5 min
period) and reflects upstream oscillations in metabolism and Ca2þ. Of the
oscillating pathways in the beta cell, glycolytic oscillations are the least
well studied. We recently developed a FRET biosensor for pyruvate kinase
M2 activity (PKAR, Pyruvate Kinase Activity Reporter), which is activated
by fructose 1,6-bisphosphate. We used PKAR FRET to measure oscillations
in glycolysis stimulated by 10 mM glucose. After abolishing Ca2þ oscillations
with diazoxide (Dz), the oscillations in PKAR were terminated. However, in
some cases the oscillations could be restored by raising extracellular KCl,
which elevated the intracellular Ca2þ levels but did not restore Ca2þ oscilla-
tions. These results indicate that glycolytic oscillations can persist in the
absence of Ca2þ oscillations, and suggest the presence of a Ca2þ threshold
that is permissive of glycolytic oscillations. To address this question, we var-
ied the extracellular Ca2þ from 1.25 to 5 mM, which increased the amplitude
of intracellular Ca2þ oscillations in a dose-dependent manner. Parallel mea-
surements using PKAR indicated that the amplitude of glycolytic oscillations
in pyruvate kinase M2 activity are augmented by intracellular Ca2þ, however
PKAR oscillations were terminated if extracellular Ca2þ dropped too low.
Taken together, these results indicate that glycolytic oscillations in beta cells
are dependent upon on a threshold level of intracellular Ca2þ level, and re-
present a distinct oscillating compartment of the cell. Supported by
R01DK46409 (L.S.).
2667-Pos Board B359
EHD3 Mediates Integral Membrane Protein Trafficking and Maintain
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Cardiac contraction relies upon the proper expression, trafficking, and reten-
tion of integral membrane proteins such as ion channels, transporters, and
hormone receptors. These proteins govern cardiac contraction and short and
long term adaptations to physiological and pathophysiological stimuli. The
profile of expressed proteins is dynamic, and it is regulated to assure the proper
